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Membrane filter system with f ilter mod , 

w hich mediuffi _ flow - -ux r th r ough 

5 The invention relatoo *. 

accordance „ tth che prs ^ fil^r s y ste m in 

The Applicant's WO' 02/263fn v. 
10 "lt„ system having a ^ « -miorane 

there is arranged ' J ~ ™ 0dul e, upstreain „ f wfa 

fe d to the filtration , , 6 P uri ^ed i s 

0£ a P1 rx o 7^- t — * . ««* Pipa . 

« cf . £or ™ir^r.33 B this troe 

J nd inc), reouirp5 ^002-210336 A (Toray 

remove retentate or I in ° rder to 

individuei filter ^^r^; trom the 

° 'hat i. to be £ilt ~ « *>_ supply the suspension 

taking u P large amounts o£ SDa ! Pln3 ^ aS tHe d «wb ack of 
-^ts on the ^ S 0 f f P im P os lng 
■ «o« aM with . n a def . ned ^ modules „ hich can bs 

1 before. U i s m objec . 

a membrane £i iter s ' • the "mention to provide 

known devices are avoided " f ^ ^ °* 
packed arrangement Md - Particular a , ore 
Possible. filter modules i s 

This object is achieved h« 

accordance with cl aim i. meml -ane fil ter system in 

On account of the fact tw 

fc -P off the permeate an d/or ^ ^™ to 

supply suspension that is K dentate and/or to 
<** Pe^eate emer^L ' 

-dules without piping and i " ri^tT ^ ^ 

extracted f r0 m there 
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mSwLT fr °" * — — «*~* to the 

Suitable membrane unite ^ 

—s, cushion me 2 irtir ;r icular memb — 

Plate membrane, flber Cranes or 
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cne tilter modules it ^ 
form a feed . ls Possible to 

reed space which encloses i 

^let-side end feces of all the YuT ^ 
" connected to the individual fn t ™* ** 

Purpose of feedinn MOdUleS f ° r the 

filtered. " " SU ™°" that is Co be 

-ast the c-^^r^r^ Th ciosas " 

"■odules and is connected to the , 
-dules for removin, retentate lndlVidUSl 

5 The feed space should be fed uniform, 

«oich can be achieved b y connecting " ~sio„, 
to calm the flow (teed d ' s ~ a "-hamber used . 

feed space. J c ^ °* 

PartiaUy around the feed space "t h - rUnS " ^ 
suspension that is to be filtTed to *"* 
f-d space from the supply LI a l T"' " t0 ^ 

This can be achieved bv 9 feed s P ace - 

cicnieved by means of a f OC3 ^ ^- 

openine, „ hich is continuQus ^■ dl ^^i« 

direction of the feed space in the , ClrC ™ fe «"-l 
feed space. the lo " er re 3i°n of the 

■ In the case of a dry arrangement of ,h. 

system, the retentate shoul be reived '"^ 

removed uniformly from 
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the retentate space, which can h P 

retentate space having at least- , ^ * the 

g at ieast one discharge line. 

If the membrane filter q VC fn m • 

s s USPension that is t r b y e :; d p :r d directiy in the 

a retentate space. The r .T«t« " " '« 

3 US pe nsion surrounding it after t t 77 

modules. haS left the "Iter 

L ° To generate a turbulent flow i„ fho 
. e.g. membrane tubes ln the units, 

elements which enrl S ch £ " POS " Ms '« aeration 

the su spension that ic hn K 
Altered with gas bubbles before it enters tne 1 
5 -dules, to be arranged in the feed space 

To enable deposited contaminants tn h„ 

feed space of the v. removed f rom che 

v ^ or the membrane fiUov 
advantageous fn — • „ Writer system, it is 

■ Po^r and a high efficrency of i"^'" 1 - 

The invention is explained with reference to tv, 
appended Figures 1 and 2 „ hich "r^"" to the 
depict, by way of example -^grammatically 
according to ths " me,nbrane £Uter s «tem 

-scnptLrm z - - 

Fig- 2 shows a membrane filter • 

SDarp . Cer astern without retentate 

space (for immersed mounting) . " te 

It can be seen from Pig. 1 that ... 

through which medrum fiols rn h ^^VT" ' 
ranged parailei and vertrcal in u."^ 



A401047.WO 



- 4 - 



*«h ». sealed off „ ith respect to the feed side On 
the xns.de, this seaied permeate space 9 forls a 
Permeate space for the filter modules 7 1 " 
conn^t-^ f- uxes l > which i S 

* * rr a :i^ t rz;\ - ™- 

space 9 is onlv in ■ Permeate 

Y c °™nication with the outside 

towards the suspension that is to be f*ih * ° Utslde ' 

— — e of t he fiiter mo d ul es 7 ^ 

10 b T : ~ e e ; t:";™ feed of the — * — - - 

Itered to a large number of filter modules 7 

:rr b e in i paraiiei ' ic is - - 
chir ffeed~i; s ut far as possibie - a 

15 suspension that "o LTT' " ^ the 

, . u . 13 to be filtered through a feed 

-form i„u omi „ 9 fl0 „ t - ^ - -^j;. ""~ 

20 The gasification which io 

filtr^- ■ advantageous for the 

. osi: : - ™ r means of aer - ion ei ~ - 

j i . thS feed s P ac =e 13 beneath the filter 

modules. The a P r a Ho, • -enter 
aeratzon p lpe s illustrated can be used for 
this purpose, although other , 
25 possible. ' ' • aeratl ° n elements are also 

To ensure a uniform distri hi,n ™ 

over all the „ aiStributlon of gas and suspension 

• the S ° f thS filt - -dules 
l. the suspension that is t-n Kn p ■ ^ 

30 mixed with the gas phase i n su a T *° * 

optimum distribution over L * " "° 

CQ i.. the ent ire flow tub 

section of the membrane module 8 with t-h , 
sufficient , with. the result that 

filt- „ ^ tUrbul — is realized in each 

filter module 7 rho • * • . 

15 refers ► Sasifrcation causes what is 

with th f° 33 S ™° th BU "» assists 
«th the forced transfer of flow and' therefore saves 
ener The ^ - e save 

aasrfocat.on with medium-si 2 ed huhhles in the medium 
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that is to be aerated. For m 

^dule 7 with tubule F ° r K eXample < ^r a filtration 
5 ». a bubble si 2e of " ^ * °* 

One example of Tl JTr'l * ~ ^ * "» 

* ,—ar tube m ~ r ir, 1 : 7 - • 

° f 3 m. Approximately 600 tuZ k " 

dieter of 5 m are cast int * 

means of res in at th " PrSSSUre casing by 

resin at the. top and bottom. Peed SM , C 1, 
permeate space 9 f , Space 13 and 

10 another in a Dr Sep -^ed from one 

tubes ar in — . A11 the ^ 

dre ln communication wi^ ~ 
Permeate space 9 p S 3n ° ther via the 

After it has flowed throuah ^ 

dentate passes into ^rentae! ^ 

system and is closed off K I f»sm 0 ran e filter 

J tap-off DiDe ls ° bY the "tentate cover 2 a 

aistrib u t ion 1 1 2 °" eS H t Poi« in the feed 

pace 12 • However, the tar, nff 
could also be provided in the fead ^ 16 

. Reliable operation in i 

* co m pie tely ho ^ir s "ir^r 1 / r ensured 

the membrane modules Pllfr ?, Slde o£ 

insufficiently supplied t I "° dUleS WMch «• 

•ir). have a tenden Z \ Cr ° SS - fl °" -d/or 

filter caKe at t Te T bui "-P of 

. at the membrane surface m r-v, 

serious circumstances, this filter cake" 
block individual m u may coi npletely 

individual membrane tubes, resulting • 
irreversible los^ of mo u resulting m an 

loss of membrane surface area.' 

Operating faults nft-an 

a ^-auicfa orten occur in f-i . i 

result of pi uoc; f * tSr systems as a 

Plugs formed by hair^ -f-v. 

contaminants. The cm.. P1 ^ ° r other 

deposited at the \ oc o ^ ^ ^ ^ '*> * ' 
c - L °cations wherp t-ho 

wnere the passage width i s 
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smallest, since in 

<* ">e system these l D T* 1 * ° f the ^figurations 

Passage of th e lt ° T ^ £ ° rmea by ^ 

r liter modules 7 t-v-, 

accumulate there. Ever 1*™ ' con taminants 

5 a result of turbulence Z ^uild up as 

suspension out of the linage of the 

combined, at t J ame ti° Vera11 "^.r-^t. 
" e same time, with h^rv *i t_ ■ 

Possible to reli ably remedy Ls^cM * " 

conglomerated contaminants are in T ""^ the 
™ fr- the memb rane fil ter svs 

suspensions „i th a * In ^ case of 

■ advantageous for the su " « is 

>ur tiie suspension which to <- ' 

Che *K-off pipe 16 to hav h e C ' he 1S taPPSd »" 
removed from it vi„ „„ t he contaminants 

» tW- suspension to be ^ ^ £ " 

circuit. d baCk lnt ° the filtration 

The overall membrane f Uter svs , m 

arrangement, i. e . outside a £i lt X " 3 d ^ 

' as illustrated in Figure 2 £lltrat >°» tan,, „ owever , 

-ssibie. einoe the Tomb an ^ tT'" 

aU, olosed off „ ith respect ^ SySt ™ after 

«se, the feed pump can ' ° ° UtSide ' <*i 

suspension vessel Lto the feed ^t * 

- fbe Versed embodiment, the i: t U r° n " 
actually obsolete The r.f . "Centate space 3 is 

suspension after 1 MV< T^" 6 b eeomes mixed with the 

[Chemical Purification,) a ChemSChe Reinigung 

- hydraulio .elation TZ^T' ^ 
-tentate spate is lowering of ~ S "" — 1 and 

— * — - Of the aitatio: u C nrt Centratin9 

next U t r o ality ^ £iU - ^sterns oan be arrano d 

" a "° th ~ ^ any oonneotlon or Z alo 
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be connected to one another, f or examol. H • 
them havina a example by virtue of 

Dg 3 common Permeate buffer tank. 

It is necessary to exchange or r,m, . 

^e filter modules after relL 7 °n 
■time. For this relatively l ong intervals of 

-tentate spa 3"' ^ ^ «~ » — *he 
f lan ge 5 and f ll e TTziLll ^ ™ 
- carried out on the J^T^."^ ^ 
these connections. Y °P eni nS 

15 membrane surface in i-h ° ver the 

control the b uU d -up / ? " C ° 

the formation of f7lt er L ^"i" 9 f ™» 

-livers tbe permeate throV ^ ^ ^ 
permeate buffer membrane into a 

interrupter b y cle r ina *• 

trans -membrane pressure T • * * ° f defin ed 

pressure l lmits being exceeded. 

A number of . methods are possible ' for cl ■ 
membrane filter qv ^ Dm ■ cleaning the 

system, With different benefits. 

A first method, whirh i e 

character!^ „ t I t to eT '°' ""^ ° M ' iS 

astern, permeate is h . membrane f "f 

Une 1. and the J th * P«— t. 

etna the membrane sur f sra 

Production direction *t- ■ UrfaC6 ' Counter to the 
rection, at periodic intervals of time.. 

In combination with t-h*. ' 

-sibie to .mpieme t T ^Tl ^ " " 
cleaning method by at ,»!" 9 ^ advan " g eous . 

Mast of air throua„ iH "^oducinc, a cyclical 

17 into the ! 8 PU1 " "»» 

e fl lter modules l dnri - 

simultaneously barV fi u ■ appropriate 

iy back- flushlng permeate that 
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been obtained through the permeate t 
-mbrane surface counter to Z \ " 1 *** ^ 
- order to clean the k Pr ° dUCtion Erection, 
-suits in very 1 , " fUter ™is 

-mbrane tub es th ™ flushing of the 



membrane tubes. 
The benefits of 



benefits of the individual me 

Particularly advantageously be cornbTned h 
combination of diff erent M COmblned ■ by using a 

10 membrane fil ter ^ ^ t0 ^ 

be n io: h \rrc,ii°; d ~ ng — - -, bed 

jjiocxmg device in the f-^ 
opened and a b.nn/' tap-off pipe 16 j - 

ana a tapping pump i s st-ar-*-^' 

» r-ov.1 of the contaminants * ^ " 

■ P^P is not running during ^ " lf ' h e ^-pension 

allows particles whink .v. ca PPmg phase. This 

t - in ie p t open 3 r h h t ; co r nue to adher * to 

<* «» pressure exerted ^ ^ TloT" ? " 
20 removed fro- the feed ' SUSPenSi °" to »> 

Particularly efficient ^ of * ^ f « ^ 

£ ™ 3 imult a„eous bacK-nu M g ° f The^Tr 3 
7- Pleats, driven by the Co J e °' ^ . £llter "^l" 
^aces o £ the' filter modules, ** ^ ^ 

« space 13 and additionally cleans off ' *** 

y Cleans off any contaminants. 

Another form of cleaning, the chemical c,e„ ■ 

^iVrVr; ~ — ~ - p^cut:; 

0 suspension'that tTT mt^"" ^ * 

the blocking devices of b I he fl ^ d ' F » ^is purpose, 

blocking device of the tap of f " Md the 

and the suspension that i T " Z^T & ^ 
from the feed space 13 of the I * Tem ° Vea 

= -ans of a pujand" t^ ^ ^ T"" * 

vicinity of the base A £! h ^ " the 

initiated by the bac k -fl us L g "T" 3 " eP ^ " 

Permeate line j. and h „ 3 ° £ P e ™eate through the 
1. and .„hi ch takes place particu 
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advantageously as a tmhu' ' 

„ ... result of the continuous 

gasification (pressure tube and aeration device 15) 
with the filtration air, is responsible for initial 
preliminary cleaning of the membrane surface. The 
5 contaminated purging water has to be pumped out. Then 
the membrane filter system is filled again, with one or 
more chemical cleaning solutions being added to the 
back-flushed permeate by means of a metering pump The 
aeration with filtration air and the observance of a 
certain reaction time and reaction temperature results 
■m efficient regeneration of the membrane. 

It is possible to prevent 'the membrane . tubes from 

becoming blocked by means nf f->^ 

y raeans of the various method 
15 techniques, such as the permeate back-washing or the 
air pulsing into the feed space 13 or also the feed 
line (= the flow pipe supplying the suspension) m 
general, however, the more uniform the supply of feed 

20 ' S ' Ur 7 ^ "."raticm air to the - parallel filter 
20 modules, the more stable the process. 

The required- turbulent flow is generated, according to 
the invention, by a circulation pump (suspension pump) 
which pumps the suspension that is to be filtered 
25 through the filter modules 7, and is additionally 
increased by the gasification, which is of benefit to 
the economics of a membrane filter system of this type 
since this reduces the amount of energy which has to be 
introduced for the circulation pump, with gas being 
introduced into the suspension just before it enters 
the filter module. As an additional effect, as a result 
of the air being blown into the feed passage, it is 

possible to enrich the IpvpIo r>* 

revels of oxygen in the 
suspension that is to be filtered, on account of the 
fine bubbles and the high level of turbulence in the 
membrane tubes, so that in the case of activated sludge 
some of the quantity of oxygen which is in any case 
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:=:r,.::— s .vsslt- - 

The method provider fnv i-v,~ 

in s U ch a W a y th « the to °* Wifi* 

M=t and ouul 0£ the Er ; S r" re di£fe " n « 4 * b ~ 

set the f a ° COUnt - ™ iS makes ic ^sible to 

aeal or at least improved pressure profile is' 
achieved in the me „ brane ^ ^ ^ lB JJ£* » 

is So o 2 ;l;j me od has aiready been «pi-*—:-i- 

In principle, it i s possible to use all f i 1 1 
with "Inside-Outside F< 1 , >• modules 

be filtered n ! n " liquid ch « - to 

e tutered £1 ows through a Das „„ a ■. . u 

^s surrounded by a membrane, suoh as f 
modules or cushion modules in tH eXaJ " Ple tUbe 

system described One , ^ memb ™»* "Iter 

module could !/ ' * ** * ^ ° f > 

with a di t mentl ° ned ' be a tubular tube module 

wlcn a diameter of 20 rm ' -, 

25 Approximately 600 tube m K ^ ° f 3 

uu tube membranes with a diameter „* 

Tz in T t ;rr st into a ™- — b ~ 
r\ h : e :: e tp«rd r space and ~ 

separated from one anothpr ^ 
pressure-tight manner All u another « a 

-, n ah the membrane tubpc; ■ 

30 communication with one - ln 

111 one another via nprmoafn 

35 otoie": r-i. "h tube r uies is 

described since it ^ ^em 

space for' al Th " "* C °°™° n P«meate 

the Lb 'm ZrllT \ " " embra " e mate ^ °* 

membranes has a limited mechanical stability, 
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damage may easily occur during stor.n. 

dismantling t„ thic storage, assembly or 

*-«-iiy. xn tnis case, or -if 
cannot be omit-t^r. Pressure casing 

= c asins at least ZZ ot ;z™ZT b the 

to the process "n=„ j- Present any obstacle 

process. Depending on the Quantify „f 
or back-flush it Quantity of permeate 

pressure ^ for the 

pre sure casing of the tube membranes to be used, as it 

per J te or .acTtr;- ^^"^e ™1 of 

application ^"^J^" " ^ « 
UIJt = permeate space t-aVoc 

one permeatP 1in ^ u- P aCe Vla onl Y 

permeate .line and high flow rates wit-h ao 
hydraulic f ri Vf , ' Wlth associated 

y -Lctuiic friction losses, occur at- t-^ 
i nt . n ' uccur at the point of entrv 

mto the permeate space. entry 

flow pines pnrhv, ntted xn 

air supply J In™^' deViCeS — «* 

-ve to ^ created " 3 — ™ space, 

The membrane filter c? VQ t-^ 

has the foil™ according to the invention. 

e following advantages over 
arrangements: conventional 

L^JV,"* 1 Really positioned,' 

parallel r tl0n ^ ^ <*~** * 

parallel wrthout the likelihood of blockages 
and without the aq^i'.f ^ • 

operation. ted interruptions to 

The aeration device for mixing the £eed streara 
»«h gas bubbles allows a uniform supply 
large number of filter modules. 
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• Contaminants which enter the filtration 
together with the ^» 

fl ' tered on the hydraulic 

^r f .r the ™- c, T e 

membrane titration modules, either settle 
*~ectl y or join together 

et VT 0 ^ m particular 

res dues " * ^thout 

cleanLo "T ' ^Uminary 

cleaning methods lead fco d 

operat, in filtration ^ ^ £ 

at the lowest point in the membrane filter' 
system allows such deposits to Ho „ • w 
L5 Dresen , _ . epositi ? to be discharged if 

present. Irreversible los=; nf m w 

loss of membrane surface 
rea can be avoided , and u 4< thereby » 

to en ure un.for, £ low t0 aU che 
• filtration modules. 

0 * Membranes have rn k= u 

be che ^cally cleaned at 
different intervals Tho 

cleaning ■ ■ • m ° St eff icient 

clean , 13 " ^ ^ ^ 

cleaner to the entire membrane surface, both 
from the feed side and the permeate side 

sho w :;r ; he liguid that is to : 

should advantageously be removed f rom the 
.membrane filter system for thi„ 

■ ■ . hls P ur Pose. with 

the invention described here it- ! 

lieie / it can hf^ 
separated from the feed tanv >, n „ • 

„ , eea tank holding the* 

" ^ deViCeS ' ^ P™P empties the 

entire apparatus without any residues, than 

us :r t ; e c with p ™- £ °"°-.< ^ ^4 

Z co aPPr ° Prlate Ch8mi -1 ol-m-B method 
The c membrane f . uer 

reiatrvely small feed-side and pern,eate-side 
volume, so that- ii- j . e 

that it is possible to reduce the 



047. WO 



- 13 - 



consumption of chemical ~i 

. . cnei "ical cleaning agent compared 

to conventual filtration arrangements. 

The compact membrane f ilter system can be 
up even where very l ittle space ±s availafale 

The membrane filter system can be either dry or 
versed ln the l iquid that is fcQ be ^ ^ 

On account of its size> Vv,« 

fS1 . Slze ' the compact membrane 

^Iter system is more pprtable ■ 

"na"r; embl M in a factory ' — itin - in io We ; 

final assembly and transport costs. 
The compact arrangement of 

„ t u«menc ot the membrane filter 

yste. rewires less tube and fi t« 

also : P : rmeate ^ UneS ^ t tee£or e 

»1~ entaals lo „ er investment • 

conventional f iltra tion arrangements 
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List of reference numerals: 

1 • "Permeate line 

2 • Retentate cover 

.3. Retentate space 

4 - Filter module end.face 

5. Retentate space /membrane module flange 

6 - Retentate line 

7 • Filter module 

8 . Membrane module 

9 • Permeate space 

10 . Feed line 

11. Feed space/membrane module flange 

12. Feed distribution space 
13 . Feed space 

14. Feed distribution opening 

15. Aeration device 

16. Tap-off device 
17 • Air pulse line 



